Since normalization strategies plays a pivotal role for obtaining reliable results when performing quantitative PCR (qPCR) analyses, this study investigated several miRNA normalization candidates in regards to their efficiency as normalization standards in the ischemic reperfused ex vivo rat heart, with special reference to regulation of the miRNAs miR-1 and miR-101b. The possibility of including primers for several miRNAs in one reverse transcription (RT) reaction was also investigated. Langendorff perfused rat hearts were subjected to 30 min regional ischemia and 0, 1, 5, 15, or 120 min reperfusion. Total RNA was isolated and reverse transcribed for miRNA qPCR analysis. Normalization candidates were evaluated by the NormFinder and geNorm algorithms and the following stability expression rank order was obtained: sno202 Ͻ U6B Ͻ U87 Ͻ snoRNA Ͻ 4.5S RNA A Ͻ Y1 Ͻ 4.5S RNA B Ͻ GAPDH. Applying U6B as a normalizer it was found that miR-1 and miR-101b was downregulated in the ischemic reperfused myocardium. Furthermore, up to three primers could be included in one RT reaction by replacing RNase-free water with two supplemental sets of primers in the TaqMan MicroRNA assay protocol. This study demonstrates the importance of validating normalization standards when performing miRNA expression analyses by qPCR, and that miR-1 and miR-101b may play an important role during early reperfusion of the ischemic rat heart. ischemia; reperfusion; microRNA regulation microRNAs (miRNAs or miR) are small, noncoding RNAs (ncRNA; 17-25 nucleotides) that posttranscriptionally regulate the expression of genes, affecting several biological processes such as development, differentiation, apoptosis, and oncogenesis (7, 22, 29, 30) . They also play an important role in the pathophysiology of the heart, e.g., in cardiac hypertrophy (8, 24) and acute myocardial infarction (AMI) where expression of several miRNAs such as miR-1 and miR-101b are significantly regulated hours to days after an ischemic insult (13, 25, 27) . Quantitative PCR (qPCR) is a powerful technique ideal to evaluate the expression profile of miRNAs. For reliable comparison of miRNA expression levels in qPCR, normalization is a necessity to correct for intra-and intergroup variations in between samples and runs. The criteria for a "perfect" mRNA normalization standard in qPCR expression profiling also applies to miRNAs: 1) equal transcription level in all tissues and cell types at all stages of development and 2) stable transcription levels during external or internal stimulation (23). No normalization standard has yet proven to be ideal, and it is therefore crucial to verify the expressional stability of putative normalization standard candidates in each experimental setup to get reliable interpretation of results. At present no such validation of normalization standards for miRNA rat heart expression studies has been performed.
microRNAs (miRNAs or miR) are small, noncoding RNAs (ncRNA; 17-25 nucleotides) that posttranscriptionally regulate the expression of genes, affecting several biological processes such as development, differentiation, apoptosis, and oncogenesis (7, 22, 29, 30) . They also play an important role in the pathophysiology of the heart, e.g., in cardiac hypertrophy (8, 24) and acute myocardial infarction (AMI) where expression of several miRNAs such as miR-1 and miR-101b are significantly regulated hours to days after an ischemic insult (13, 25, 27) . Quantitative PCR (qPCR) is a powerful technique ideal to evaluate the expression profile of miRNAs. For reliable comparison of miRNA expression levels in qPCR, normalization is a necessity to correct for intra-and intergroup variations in between samples and runs. The criteria for a "perfect" mRNA normalization standard in qPCR expression profiling also applies to miRNAs: 1) equal transcription level in all tissues and cell types at all stages of development and 2) stable transcription levels during external or internal stimulation (23) . No normalization standard has yet proven to be ideal, and it is therefore crucial to verify the expressional stability of putative normalization standard candidates in each experimental setup to get reliable interpretation of results. At present no such validation of normalization standards for miRNA rat heart expression studies has been performed.
To increase normalization accuracy and decrease experimental variation in qPCR experiments, an internal standard subjected to identical treatments as the target of interest should be included to serve as a control for all steps required to obtain the final PCR product (15) . Currently, commercial available kits like the TaqMan MicroRNA assay (Applied Biosystems) for expression profile screening by qPCR is limited to one ncRNA in each reverse transcription (RT) reaction. This approach lacks the ability to correct for ncRNA expression level in the same RT reaction. Although the RT reaction is supposed to be relatively stable, it is important to normalize the ncRNA of interest to one or several normalization standards reverse transcribed in the same reaction to account for variation in RT efficiency between samples and runs.
Here we report a strategy to evaluate ncRNA(s) of interest including normalization standard(s) in the same RT reaction. This study also identifies several reliable normalization standards when investigating miRNA expression in the ex vivo Langendorff perfused rat heart exposed to a lethal ischemic insult and reperfusion. Furthermore, the consequences of normalizing the expression level of miR-1 and miR-101b applying one of the more stable (U6B) versus the least stable (glyceraldehyde 3-phosphate dehydrogenase; GAPDH) candidate was investigated.
MATERIALS AND METHODS

Langendorff Perfusion Procedure
All experiments were approved by Norwegian Laboratory Animals Authority and carried out in accordance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH publication no. 85-23, revised 1996) . Isolation of total RNA and reverse transcription qPCR (RT-qPCR) experiments were performed in accordance with the MIQE guidelines (6) .
Hearts from male Wistar rats (270 -350 g, n ϭ 40) anesthetized by intraperitoneal injection of pentobarbital (50 mg/kg) with 200 IU heparin were excised and placed in ice-cold Krebs-Henseleit buffer (118 mM NaCl, 25 mM NaHCO 3, 11 mM D-glucose, 4.7 mM KCl, 1.22 mM MgSO 4 ϫ 7 H2O, 1.21 mM KH2PO4, 2.4 mM CaCl2 ϫ 2 H2O) followed by retrograde aortic perfusion in the Langendorff setup. The hearts were stabilized for 20 min before being subjected to 30 min regional ischemia and 120 min of reperfusion as previously described (16) . In short, a 3-0 silk suture was passed around the main branch of the left coronary artery with the ends threaded through a small vinyl tube to form a snare. Regional ischemia was achieved by pulling and reperfusion by releasing the snare. Heart tissue to be analyzed for miRNA regulation and expressional stability of miRNA normalization standards using RT-qPCR were collected at 0, 1, 5, 15, and 120 min ischemic reperfusion (Fig. 1) . At the end of each experiment the silk suture was securely tightened before 0.2% (wt/ vol) Evans Blue (Duke Scientific, Palo Alto, CA) was infused to demarcate the risk zone from the nonrisk area. Based on this staining, the regions were separated and isolated heart tissue was stored in RNAsafer (Omega Bio-Tek, Norcross, GA) at 4°C overnight and subsequently frozen at Ϫ20°C until further processing.
Isolation of Total RNA From Rat Heart
To isolate total RNA, myocardial tissue samples (50 -100 mg) were homogenized in TRIzol (Invitrogen, Carlsbad, CA), DNase I treated (Takara, Shiga, Japan) and precipitated with 2.5 volumes EtOH (96%), 0.1 volumes NH 4Ac (5 M; Ambion, Austin, TX), and 1 l GlycoBlue (Ambion). Finally, total RNA was purified using RNeasy columns (RNeasy Mini Kit Cleanup Kit; Qiagen, Hilden, Germany).
Total RNA purity and concentration was determined by measuring absorbance in the NanoDrop Spectrophotometer ND-1000 (Thermo Scientific, Waltham, MA), and RNA samples with optical density (OD) 260/280 and OD 260/230 ratios of 1.8 -2.0 were included. Furthermore, to ensure appropriate quality of the total RNA isolation procedure the RNA integrity was assessed by the Agilent 2100 Bioanalyser.
RT-qPCR
Priming test of small ncRNAs. Small ncRNAs were reverse transcribed with TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems, Carlsbad, CA), which includes hairpin stem loop primers for only one specific ncRNA. Kits with primers for miR-1, miR-101b, U6B, sno202, 4.5S RNA A, 4.5S RNA B, snoRNA, Y1, and U87 were used. To test the possibility of including more than one RT primer per RT reaction, the number of primers and/or total reaction volumes in the manufacturer protocol was modified. To ensure equal amount of template, a fixed ratio of 30 ng total RNA per 15 l reaction volume was used. This priming study contained five groups: group A, one primer in 15 l reaction volume (standard protocol); group B, three primers in 15 l reaction volume; group C, three primers in 30 l reaction volume; group D, six primers in 30 l reaction volume; and group E, nine primers in 45 l reaction volume. Each 15 l RT reaction volume included 5 l 10ϫ buffer, 2 l DNase I, and 1 l ribonuclease inhibitor and were incubated at 16°C for 30 min, 42°C for 30 min, and then at 85°C for 5 min in a PTC-200 Peltier Thermal Cycle PCR machine (MJ Research, Waltham, MA).
ncRNA normalization standard test. Based on the results obtained in the priming test described above, RT reactions in the following evaluation of ncRNA normalization standards included three primers in 15 l reaction volume (group B), resulting in three experimental RT groups: group 1 contained primers for U6B, sno202 and 4.5S RNA A; group 2 contained primers for U6B, 4.5S RNA B and snoRNA; group 3 contained primers for U6B, Y1 and U87. Even though RT assays are relatively stable, this was evaluated by including U6B in all three groups to confirm that this also applies when using three RT primers per reaction. Finally, to examine the effect of normalization on miRNA expression analyses a fourth independent group was run: group 4 contained primers for U6B, miR-1, and miR-101b.
The miRNA qPCR analysis was evaluated in triplicate with 3 l of template cDNA (diluted 1:3), 10.5 l TaqMan 2ϫ Universal PCR Mastermix, 1 l primer, and RNase-free water to a total volume of 21 l per reaction. Samples (20 l each) were loaded on 384-well plates and run in an ABI Prism 7900 qPCR machine (Applied Biosystems; 10 min at 95°C following 40 cycles of 95°C for 15 s and 60°C for 60 s).
RT-qPCR analysis of GAPDH messenger RNA. For cDNA synthesis we incubated 2.5 g of total RNA with 1.2 l oligo dT (25 mM, Thermo Scientific) and 13 l of RNase-free water at 65°C for 5 min, then cooled it to room temperature, before adding 2 l DTT (Stratagene, La Jolla, CA), 2 l 10ϫ AffinityScript RT-buffer (Stratagene), 0.8 l dNTP mix (100 mM, Invitrogen), and 1 l AffinityScript Multiple Temperature Reverse Transcriptase (Stratagene) to a total volume of 20 l. Samples were reverse-transcribed at 50°C for 60 min, 70°C for 15 min, and then at 4°C when completed in a PTC-200 Peltier Thermal Cycle PCR machine (MJ Research).
The mRNA qPCR analysis was evaluated in triplicate with 6 l template cDNA (diluted 1:5), 0.7 l forward primer (10 M), 0.7 l reverse primer (10 M), and 11 l 2ϫ Mastermix (Messagreen, Eurogenetech; for SYBR Green assay) or qPCR Mastermix Plus (Eurogenetech, for hydrolysis probe assay) in a total volume of 22 l per reaction. For hydrolysis probe assay 0.9 l water were replaced with the same volume probe (5 M). All samples were run with identical running conditions as described for ncRNAs. Subsequently, melting curve analysis was performed at 60 -95°C (gradually) for 10 min to confirm primer specificity for the SYBR Green assay. Primers (Invitrogen) and probe (Eurogentech) sequences for GAPDH are listed in Brattelid et al. (3) . The GAPDH hydrolysis probe was labeled with 5=-FAM and quenched with 3=-black hole quencher.
Statistical Analysis
Amplification plots were generated for each sample during qPCR using Sequence Detector Software (SDS version 2.2, Applied Biosystems), which automatically calculated a quantification cycle (C q) value from each amplicon. Relative initial RNA amount of each RNA was calculated (5) and imported into geNorm (28) and NormFinder (1) for assessment of expressional stability of normalization candidates. Results were analyzed by the nonparametric Mann-Whitney test due to non-Gaussian distribution, and P Ͻ 0.05 was considered statistically significant. Data are expressed as mean Ϯ SE.
RESULTS
Test of Priming Method
The TaqMan MicroRNA assay is designed for RT of only one small ncRNA per reaction. In this study we explored the possibility of reverse transcribing several ncRNAs by increasing the number of RT primers (1-9 primers) and the total RT reaction volume (15-45 l) in one RT reaction, allowing identical RT conditions for the ncRNA(s) of interest and the normalization candidate(s).
Initially, the expression level of miR-1, sno202, and U6B were analyzed in three different samples in independent RT reactions (data not shown). The samples were reverse transcribed with one primer (miR-1, sno202, or U6B) per 15 l reaction volume according to the manufacturer's assay protocol. When applying the two small ncRNAs sno202 and U6B, both suggested to be suitable normalization standards for miRNA expression analysis, and the muscle specific miR-1, all triplicates were expressed with a sample C q scatter variation of Յ 0.3. It is recommended that qPCR samples should not exceed a variation in between reaction replicates of Ͼ0.5 C q (19) . Hence, a comparison of replicates from modified and standard protocols of identical samples would give an indication of the applicability of modifications. If unaffected, C q values resulting from modifications should merge and vary Ͻ0.5 C q in identical samples from values obtained from the standard protocol supplied by the manufacturer. The relationship between C q value variability obtained using three ncRNA RT primers in 15 l total volume (Fig. 2, column B) corresponded well with the standard one-primer protocol (Fig. 2, column A) with a C q variability Ͻ0.5 for all ncRNAs. Further increase in volume (30 -45 l) and number of ncRNA RT primers (3-9 primers) in the RT reaction increased variability between C q values for sno202 and U6B compared with standard protocol (Fig. 2, columns C-E) with Ն1 C q . The variability of miR-1 in contrast was only affected by Ͼ0.5 C q when the ratio of total reaction volume to number of primers was increased (three primers in 30 l reaction volume) (Fig. 2, column C) , indicating that highly expressed ncRNAs such as miR-1 are less affected by modifications than other less-expressed ncRNAs such as U6B and sno202 (reflected by C q values in Fig. 2 ). This implies that it is possible to include up to three ncRNA primers in one standard RT reaction with tolerable effect on C q values.
Determination of the Most Stable miRNA Normalization Candidates in the Ex Vivo Rat Heart
Several small ncRNAs are available as normalization standards for qPCR miRNA expression analyses in rat tissue, namely small cytoplasmic RNAs (scRNA), small nuclear RNAs (snRNAs), and small nucleolar RNAs (snoRNAs) such as Y1, U6B, 4.5S RNA A, 4.5S RNA B, snoRNA, sno202, and U87. In addition, messenger RNAs (mRNAs) such as GAPDH are used as reference genes (11, 17, 21) . The relative initial amount of RNAs from five experimental groups of ex vivo Langendorff perfused rat hearts (0, 1, 5, 15, and 120 min of reperfusion; Fig. 1 ) were analyzed in NormFinder and geNorm to test expressional stability of the eight above mentioned normalization candidates. In both programs, stable expression corresponds with low values. NormFinder and geNorm analyzes of the reference RNA expression demonstrated a very high correlation between the stability value generated by the respective algorithms (R 2 ϭ 0.996) (Fig. 3) . GAPDH proved to be the least stable normalization candidate in the isolated ischemic-reperfused rat heart irrespective of qPCR assay used, hydrolysis probe or SYBR Green, and showed the highest variability according to values obtained in NormFinder and geNorm (Fig. 3) . The overall stability rank order of the ncRNA normalization standards investigated was sno202 Ͻ U6B Ͻ U87 Ͻ snoRNA Ͻ 4.5S RNA A Ͻ Y1 Ͻ 4.5S RNA B Ͻ GAPDH (Fig. 3) .
Based on the finding that it is possible to include up to three ncRNA primers in one standard RT reaction with minute U6B was included in all ncRNA RT reactions to evaluate stability of the RT assays, and the 3 independent values obtained in NormFinder and geNorm correlated well (inset). Independent of whether the qPCR assay was performed with either SYBR Green (GAPDH-SybrGr) or hydrolysis probe (GAPDH-HP), the stability of GAPDH as normalization standard gene was almost identical. All ncRNA RT reactions included 3 primers in a 15 l reaction volume according to the following groups: 1) U6B, sno202, and 4.5S RNA A; 2) U6B, 4.5S RNA B, and snoRNA, 3) U6B, Y1, and U87. effects on C q values (Fig. 2) , the ncRNA normalization candidate U6B was included in all ncRNA RT reactions to test the stability of the RT assay (Fig. 3, inset) . U6B showed an almost identical ranking value independent of RT reaction (0.29 -0.33 in NormFinder and 0.81-0.85 in geNorm) confirming that the ncRNA RT reaction is both stable and reproducible.
Impact of Normalization on miRNA Expression Profiles of miR-1 and miR-101b
To demonstrate the importance of applying the correct miRNA normalization strategy, we evaluated miRNAs expected to be regulated during ischemia-reperfusion. Several studies have shown that this applies to miR-1, and therefore this miRNA was an obvious candidate (13, 25) . We also evaluated miR-101b, shown to be regulated in ischemia-reperfusion by preliminary studies in our group and during cardiac ischemia (27) . The expression of miR-1 and miR-101b were compared when normalized to the least stable normalization candidate (GAPDH) versus a more stable normalization candidate (U6B) (Fig. 4) .
The expression of miR-1 is not affected by the normalization standard chosen (Fig. 4, A and B) . When normalized to either GAPDH or U6B, heart tissue samples showed a significant and sustained reduction of miR-1 expression from 1 min of reperfusion compared with the ischemic group (0 min) (Fig. 4, A and  B) . When heart tissue was analyzed for miR-101b expression the choice of normalization candidate did have a major impact on the obtained results. No statistical differences were observed between the groups when miR-101b was normalized to GAPDH (Fig. 4C) . In contrast, if miR-101b was normalized to U6B there was a significant reduction in expression at 15 and 120 min of reperfusion compared with the ischemic group (0 min) (Fig. 4D) . The suitability of U6B over GAPDH as normalization standard for analyzing expression of miRNA is also emphasized by the higher coefficients of variance value obtained when miR-1 and miR-101b is normalized to GAPDH, Fig. 4 . Relative expression of miRNAs when normalized to GAPDH or U6B in reperfused ischemic rat myocardium. All hearts were subjected to 20 min of stabilization prior to induction of regional ischemia (30 min) and reperfusion. Heart tissue for miRNA analysis was collected at 0, 1, 5, 15, and 120 min (see experimental protocol, Fig. 1) . A: expression of miR-1 was significantly reduced already at 1 min of reperfusion and sustained throughout the reperfusion period when normalized to GAPDH. B: the same trend in regulation was observed using U6B as normalization standard. C: when miR-101b was normalized to GAPDH, no significant regulation occurred in the reperfused ischemic myocardium. D: in contrast, expression level of miR-101b was significantly decreased at 15 and 120 min of reperfusion compared with ischemic group (0 min) when normalized to U6B. The discrepancy in results obtained using 2 different normalization standards on identical samples stresses the necessity of using appropriate normalization strategy. Messenger RNA and microRNA were quantified by qPCR (n Ն 6). *P Ͻ 0.05 vs. ischemia in arbitrary units (AU) with ischemia ϭ 1. demonstrated at 15 min ischemic-reperfusion for miR-1: GAPDH 106.74 vs. U6B 74.82, and miR-101b: GAPDH 84.46 vs. U6B 81.35.
DISCUSSION
Our data demonstrate the importance of validating the normalization strategy when investigating miRNA expression. Moreover, several suitable normalization standards were identified for evaluation of miRNA expression in the ex vivo perfused rat hearts exposed to ischemia and reperfusion with the following ranking order: sno202 Ͻ U6B Ͻ U87 Ͻ snoRNA Ͻ 4.5S RNA A Ͻ Y1 Ͻ 4.5S RNA B Ͻ GAPDH. With U6B as the normalization standard, expression of miR-1 and miR-101b were significantly downregulated in the ischemic reperfused rat heart. Additionally, we describe a strategy for evaluating miRNA(s) of interest together with normalization standard(s) in one RT reaction.
Vandesompele et al. (28) recommend at least three normalization standards when performing qPCR on mRNAs, which also applies to ncRNAs. In kits like TaqMan MicroRNA assay (Applied Biosystems) the number of reference ncRNAs within each RT reaction is limited. However, a modification of the protocol supplied by the manufacturer allowed for inclusion of up to three ncRNAs in the same RT reaction by replacing RNase-free water with primers. Reverse transcription of three ncRNAs in each reaction, where one or two of the ncRNAs are verified references will allow a more precise normalization of ncRNA of interest. This was evaluated by investigating how the relationship between C q values for miR-1, sno202, and U6B was affected after modulating the number of primers and total volumes compared with the standard protocol. According to Nolan et al. (19) , C q variation between reaction replicates should be Ͻ0.5. Hence, a comparison of replicates from modified and standard protocol of identical samples would give an indication of the applicability of modifications. Three primers in 15 l reaction volume corresponded well to the original protocol (one primer in 15 l reaction volume), being Ͻ0.5 C q (Fig. 2) . Further increase in volume and/or number of RT primers (30 -45 l and 3-9 primers) augmented the difference compared with standard protocol, with a variation of 1.0 or more. These observed differences indicate that modifications involving the latter should be avoided. However, using three RT primers in a standard reaction volume has a minor effect on C q values. Hence, to reduce experimental error we recommend use of three primers per RT reaction represented by at least one normalization standard, which additionally will save time and costs.
There is no universally acceptable method for assessing expression stability of normalization standards, but software such as geNorm (28) and NormFinder (1) may simplify the selection of the most appropriate candidates. The Microsoft Excel application tool geNorm ranks candidates according to their expression stability by pair-wise comparison of the expression level of candidates analyzed (28) , whereas NormFinder combine estimates of intra-and intergroup values to calculate a stability value for each normalization candidate analyzed (1) . In the present study, equal rankings of candidates were obtained with sno202, U6B, and U87 being the top three candidates in both programs, respectively (Fig. 3) . Generally, most reference ncRNAs tested here were stably expressed despite the fact that heart samples were collected at different time points at ischemic reperfusion (Fig. 1) , corroborating their suitability as normalization standards in the ex vivo rat heart. U6B is one of the most commonly used normalization standards for miRNA qPCR analysis despite lacking validation of this normalizer for all tissue types and experimental settings (8 -10, 14) . As mentioned, no ideal universal normalization standard exists. Hence, the suitability of U6B in the ex vivo ischemic rat heart does not necessarily apply to others as demonstrated by Peltier and Latham (20) , who found U6B to be one of the least stable candidates in human cancerous tissue. This emphasizes the need to validate expressional stability of candidates for each experimental setting before choosing normalization standard.
The mRNA GAPDH was by far ranked as the least stable normalization candidate irrespective of qPCR assay used, hydrolysis probe or SYBR Green (Fig. 3) . Even though the quantification assay of the mRNA is technically similar to the hydrolysis probe assay used for ncRNAs, the mRNA was ranked as the least stable normalization candidate, highlighting the difficulties of normalization against RNA of different "origins". The ranking of GAPDH may be explained by the fact that a normalization standard should mirror amount and size of the target of interest to obtain comparable isolation samples (20) . MiRNAs represent a small fraction (ϳ0.01%) of total RNA in a sample in addition to their small size (ϳ22 nucleotides) (20) , which contrasts to mRNAs representing ϳ5% of total RNA and may consist of thousands of nucleotides. Despite this, mRNAs such as GAPDH are still applied as reference genes in miRNA qPCR (11, 17, 21) . Normalization standards that better reflect properties of miRNAs are other small ncRNAs such as snRNAs and snoRNAs. Even though these RNAs differ from miRNAs functionally, they resemble in size and are extracted from tissue by an identical assay approach.
The importance of choosing correct normalization strategy has been emphasized by several research groups as they demonstrated how results varied with the chosen reference gene in both mRNA (3) (4) 12) and miRNA (20) qPCR experiments. However, results are still published without thorough validation of normalization strategy, which may lead to falsified detection of miRNA expression. To demonstrate, expression of miRNAs expected to be regulated at ischemia-reperfusion was evaluated when normalized to two of the most frequently used normalization standards, namely GAPDH (the least stable candidate), or to U6B (one of the more stably expressed candidates) (Fig. 4) . The present study show a significant downregulation of miR-1 expression occurring at immediate reperfusion despite normalization standard applied (Fig. 4, A  and B) . Of importance, detecting significant regulation of miR-101b was dependent on the selected normalization candidate. When U6B was applied with a stable expression profile according to the stability ranking order obtained by the NormFinder and geNorm algorithms, miR-101b was significantly downregulated at 15 and 120 min of ischemic-reperfusion. On the contrary, if GADPH was applied as normalization standard, the expression level of miR-101b proved not to be regulated at ischemic reperfusion in the isolated ex vivo rat heart (Fig. 4, C  and D) , thus concealing regulation of this miRNA. Of note, these results (Fig. 4) only illustrate effect of normalization on downregulated miRNAs. However, the examination of stably expressed normalization candidates were performed in a specific experimental model, and it is therefore reasonable to believe that the normalization procedure would be valid for any regulated miRNAs exposed to identical treatment (i.e., ischemic reperfusion in the isolated ex vivo rat heart). Regardless of this, Fig. 4 demonstrates that credible interpretation of results clearly depends on chosen normalization strategy, and a general rule of thumb should therefore always be to inspect normalization standards before use.
The results obtained in this study indicate that miR-1 and miR-101b is downregulated at immediate reperfusion in rat heart subjected to a lethal ischemic insult (1 and 15 min of reperfusion, respectively). Regulation is consistent with chronic studies where expression of these miRNAs has been examined hours to days after an AMI (18, (25) (26) (27) . Further investigation is needed to delineate the exact role of miR-101b in the ischemic reperfused rat heart, but regarding the muscle-specific miRNA miR-1 there is mounting evidence for involvement in the developing heart and cardiovascular diseases such as AMI in experimental animals and humans (2, 25, 30) .
In conclusion, several normalization candidates proved to be suitable for investigating miRNA expression in the isolated ex vivo rat heart, with sno202 being the most optimal candidate according to the NormFinder and geNorm algorithms. By a simple modification of the TaqMan MicroRNA assay (Applied Biosystems) it is possible to increase number of normalization standards in each RT reaction, and we recommend sno202 and U6B (and U87 if possible) to be included in the normalization process of cardiac miRNA expression analyses in the ischemic reperfused rat heart. Furthermore, these data imply that the miRNAs miR-1 and miR-101b are significantly regulated in the reperfused ischemic myocardium.
